The dataset "Spatial radionuclide deposition data from the 60 km area around the Chernobyl nuclear power plant: results from a sampling survey in 1987" is the latest in a series of data to be published by the Environmental Information Data Centre (EIDC) describing samples collected and analysed following the Chernobyl nuclear power plant accident in 1986. The data result from a survey carried out by the Ukrainian Institute of Agricultural Radiology (UIAR) in April and May 1987 and include information on sample sites, dose rate, radionuclide (zirconium-95, niobium-95, ruthenium-106, caesium-134, caesium-137 and cerium-144) deposition, and exchangeable caesium-134 and 137. The purpose of this paper is to describe the available data and methodology used to obtain them. The data will be useful in the reconstruction of doses to human and wildlife populations, answering the current lack of scientific consensus on the effects of radiation on wildlife in the Chernobyl Exclusion zone and in evaluating future management options for Chernobyl impacted area of Ukraine and Belarus.
Background
The dynamics of the releases of radioactive substance from the number four reactor at the Chernobyl nuclear power plant (ChNPP) and meteorological conditions (Chernobyl, 1996) over the ten days following the accident on the 26 th April 1986 resulted in a complex pattern of contamination over a vast area (De Cort et al., 1998; IAEA, 2006) .
The neutron flux rise and a sharp increase in energy emission at the time of the accident resulted in heating of the nuclear fuel and leakage of fission products. Destruction of the fuel rods caused an increase in heat transfer to the surface of the superheated fuel particles and coolant, and release of radioactive substances into the atmosphere (Kashparov et al., 1996) . According to the latest estimates UNSCEAR, 2008 [238] [239] [240] [241] in the reactor at the moment of the accident were released to the atmosphere.
As a result of the initial explosion on 26 th April 1986, a narrow (100 km long and up to 1 km wide) relatively straight trace of radioactive fallout formed to the west of the reactor in the direction of Red Forest and Tolsty Les village (this has subsequently become known as the 'western trace'). This trace was mainly finely dispersed nuclear fuel (Kashparov et al., , 2018 ) and could only have been formed as a consequence of the short-term release of fuel 48 particles with overheated vapour to a comparatively low height during night time (the accident 49 occurred at 01:24) stable atmospheric conditions. At the time of the accident, surface winds 50 were weak and did not have any particular direction; only at a height of 1500 m was there a 51 south-western wind with the velocity 8-10 ms -1 (IAEA, 1992) . Cooling of the release cloud,
52
which included steam, resulted in the decrease of its volume, water condensation and wet 53 deposition of radionuclides as mist (as the released steam cooled) (Saji, 2005) . Later the main 54 mechanism of fuel particle formation was the oxidation of the nuclear fuel (Kashparov et al., 55 1996; Salbu et al., 1994) . There was an absence of data on meteorological conditions in the 56 area of ChNPP at the time of the accident (the closest observations were for a distance of more 57 than 100 km away to the west (Izrael et al., 1990) ). There was also a lack of source term 58 information and data on the composition of dispersed radioactive fallout. Consequently, it was 59 not possible to make accurate predictions of deposition for the area close to the ChNPP 60 (Talerko, 2005) .
61
The relative leakage of fission products of uranium (IV) oxide in an inert environment at (Kashparov et al., 1996; Pontillon et al., 2010 (Hilpert & Nurberg, 1983) ).
85
The changes of the annealing temperature of the nuclear fuel during the accident had a strong 86 effect on both the ratio of different volatile fission products released (the migratory properties
87
of Xe, Kr, I, Te, Cs increased with the temperature rise and were influenced by the presence of 88 UO2) and the rate of destruction of the nuclear fuel which oxidised forming micronized fuel 89 particles (Salbu et al., 1994; Kashparov et al., 1996) . Chernihiv region, and the Bragin and Hoyniki districts of the Gomel region (Belarus).
95
Deposition was related to the rate of the dry gravitational sedimentation of the fuel particles 96 caused by their high density (about 8-10 gcm -3 (Kashparov et al., 1996) ); sedimentation of the 97 lightweight condensation particles, containing iodine and caesium radioisotopes, was lower 98 and hence these were transported further.
99
After the Chernobyl accident, western Europe and the Ukrainian-Belorussian Polessye were 100 contaminated with radionuclides (IAEA, 1991 (IAEA, , 1992 (IAEA, , 2006 . However, the area extending to 101 60-km around the ChNPP was the most contaminated (Izrael et al., 1990 Defence of USSR (Izrael et al., 1990) . Large-scale sampling of soil was also conducted, with 107 samples analysed using gamma-spectrometry and radiochemistry methods (Izrael et al., 1990) .
108
The first results showed high variability in dose rates and radionuclide activity concentrations,
109
with spatial patterns in both radioactive contamination and the radionuclide composition of 110 fallout (Izrael et al., 1990) .
111
The initial area from which the population was evacuated was based on an arbitrary decision 112 whereby a circle around the Chernobyl nuclear power plant with a radius of 30 km was defined
113
( IAEA, 1991 deposition (e.g. Figure 1 ) (Kashparov et al., 2018) . (from UIAR, 1998).
150
The first measurements of activity concentration of radionuclides in soil showed that 151 radionuclide activity concentration ratios depended on distance and direction from the ChNPP 152 (Izrael et al., 1990) . Subsequent to this observation a detailed study of soil contamination was 153 started in 1987 (Izrael et al., 1990 of 5 km to 60 km around the ChNPP using a polar coordinate system centred on the ChNPP. Fifteen sampling sites were selected on each of the 36 rays drawn every 10 degrees (Loshchilov et al., 1991) (Figure 3, 4) . Radionuclide activity concentrations in 489 soil samples collected on the radial network were determined by the Ukrainian Institute of Agricultural Radiology (UIAR) and used to calculate the radionuclide contamination density. These data are discussed in this paper and the full dataset is freely available from Kashparov et al. (2019) .
Data
The data (Kashparov et al., 2019) include location of sample sites (easting, northing, angle and distance from the ChNPP), dose rate, radionuclide deposition data, counting efficiency and information on exchangeable 134,137 Cs.
Sampling
To enable long-term monitoring and contamination mapping of the 60-km zone around the ChNPP 540 points were defined and sampled in April -May 1987. The sampling strategy used a radial network with points at every 10° (from 10° tо 360°); sampling points were located at distances of 5 km, 6 km, 7 km, 8.3 km, 10 km, 12 km, 14.7 km, 17 km, 20 km, 25 km, 30 km, 37.5 km, 45 km, 52.5 km and 60 km (Figure 3, 4) . The locations of sampling points were identified using maps and local landscape. Sites were resampled regularly until 1990 and sporadically thereafter, however, data for these subsequent samplings are not available (including to the UIAR).
Samples were not collected from points located in swamps, rivers and lakes; in total 489 samples were collected. A corer with a diameter of 14 cm was used to collect soil samples down to a depth of 5 cm from five points at each location using the envelope method (with approximately 5-10 m between sampling points) ( Figure 2 ) (Loshchilov et al., 1991) . Soil cores were retained intact during transportation to the laboratory. At each sampling point, the exposure dose rate was determined 1 m above ground level. which five cores were collected) the uncertainty may be up to 50% (Khomutinin et al., 2019) .
211
The data described in this paper (Kashparov et al., 2019) The contamination density of 144 Ce and 137 Cs are presented in Fig. 3 particles, which had a high dry deposition velocity (Kuriny et al., 1993) . The fallout density of May 1986 can be estimated to be 15 from data presented in Table 1 . The ratio was about 11
239
(geometric mean of 1167 measurements) in Chernobyl fuel particles larger than 10 µm due to 240 caesium escape during high-temperature annealing (Kuriny et al., 1993) . The ratio of (Figure 8 ) (Loshchilov et al., 1991; Kuriny et al., 1993) ; the more rapidly changing (Figure 7с ) broadly corresponded to that of 15 in the reactor fuel (Table   289 1). Figure 7 . Correlation between deposition densities of different radionuclides decay corrected to 6 th May 1986.
Use of the data
Apart from adding to the available data with which contamination maps for the CEZ and surrounding areas can be generated (e.g. Kashparov et al., 2018 ) the data discussed in this paper can be used to make predictions for less well studied radionuclides.
The determination of beta and alpha emitting radionuclides in samples requires radiochemical extraction which is both time consuming and relatively expensive. Large-scale surveys of the deposition of alpha and beta emitting radionuclides are therefore more difficult than those for gamma-emitting radionuclides and are not conducive with responding to a large-scale accident such as that which occurred at Chernobyl. Above we have demonstrated that the deposition behaviour of different groups of radionuclides was determined by the form in which they were present in the atmosphere (i.e. associated with fuel particles or condensation particles).
We propose that 144 Ce deposition can be used as a marker of the deposition of fuel particles; fuel particles were the main deposition form of nonvolatile radionuclides (i.e. Sr, Y, Nb, Ru, La, Ce, Eu, Np, Pu, Am, Cm). Therefore, using 144 Ce activity concentrations determined in soil samples and estimates of the activities in reactor fuel, we can make estimates of the deposition of radionuclides such as Pu-isotopes and Cm that have been relatively less studied. study (e.g. Figure 3 ) or in other datasets. As an example of the application of the data in this 
327
The dynamic spatial distribution of gamma dose rate can be reconstructed using the data on 328 radionuclide contamination densities (Kashparov et al, 2019) ambient dose rates at 1m above the ground (Dext, in the range of 0.1-6.0 µSv h -1 ). The As an example of the application of the data in this manner, Fig. 9 Figure 9a) ; as discussed above a dose rate of 50 μSv h -1 on 10 th May 1986 equated to a total dose over the first year after the accident of 50 mSv -the value used to define areas for evacuation. On the 10 th August 1986 the area estimated to exceed 50 μSv h -1 was restricted to the north (Figure 9b ). The dose rate decreased quickly after the accident due to the radioactive decay of short-lived radionuclides. The dominance of these short-lived radionuclides and a lack of knowledge of the radionuclide composition of the fallout made it difficult in 1986 to estimate external dose rates to the public for an evaluation date of 10 th May 1986 (most dose rate measurements being made after the 10 th May). This likely resulted in the overestimation of dose rates for some villages in 1986 leading to their evacuation when the external dose rate would not have been in excess of the 50 mSv limit used by the authorities.
There is a need for deposition data for the CEZ and surrounding areas for a number of reasons. These include exploring risks associated with future management options for the CEZ (e.g. management of the water table, forest fire prevention, increased tourism, etc.) and also the return of abandoned areas outside of the CEZ to productive use. The long-term effect of radiation exposure on wildlife in the CEZ is an issue of much debate (e.g. see discussion in Beresford et al., 2019) . Improved data which can be used to map the contamination of a range of radionuclides will be useful in improving dose assessments to wildlife (including retrospective assessments of earlier exposure rates). The CEZ has been declared a 'Radioecological Observatory' (Muikku et al., 2018) (where a Radioecology Observatory is defined as a radioactively contaminated field site that provides a focus for joint, long-term, radioecological research). The open provision of data as described in this paper fosters the spirit of collaboration and openness required to make the observatory site concept successful and joins a growing amount of data made available for the CEZ (Kashparov et al., 2017; Fuller et al., 2018; Kendrick et al., 2018; Gaschak et al., 2018; Beresford et al., 2018; Lerebours and Smith, 2019) .
Data availability
The data described here have a digital object identifier (doi: 10.5285/a408ac9d-763e-4f4c-ba72-73bc2d1f596d) and are freely available for registered users from the NERC Environmental Information Data Centre (http://eidc.ceh.ac.uk/) under the terms of the Open Government Licence (Kashparov et al., 2019) .
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